Introduction
Organic light-emitting diodes (OLEDs) have excellent properties of a low driving voltage and a bright emission.
One of interesting research topics is transparent OLEDs (TOLEDs) that emit on both sides and this type of matrix panel has been demonstrated. 1, 2) One of the subjects in this type of OLED is an higher electron injection from the transparent cathode and stacking layer of CuPc/ITO or ITO/Li/BCP cathodes are reported. 1, 2) For research topic in transparent oxide semiconductor (TOS) thin-film-transistors (TFTs), SnO 2 , 3) ZnO 2 , 4) In-Ga-Zn-O (IGZO) 5) and In-Zn-O (IZO) 6, 7) -based TFTs are actively studied. The TOS is act as the high mobility n-type semiconductor. Especially, the IZO under low temperature annealing at 300 ºC to decrease the carrier density due to a control of oxide vacancy act as the n-type TOS. 8) In this study, we have studied transparent
OLEDs with relatively low temperature annealed IZO for cathode.
Experimental
For a bottom cathode layer, we used bi-layer of ITO/IZO for reducing a sheet resistance and electron injection. Process steps were as follows: The ITO glass substrate was thoroughly cleaned using the process of Ωcm, by annealing, respectively. Figure 2 shows luminance versus current density (L-J) characteristics. In the ITO/IZO (5 nm) and IZO (200 nm) cathode device with annealing, brighter luminance was observed. This result suggests that electron injection from cathode to device was enhanced by annealing and injected hole and electron from anode and cathode, respectively, were well balanced. In addition, luminance was in proportion in overall current range. This result suggests that efficiency of exciton generation is constant because identical structures of Alq 3 /α-NPD interface. The luminance from bottom and from top emission (J = 100 mA/cm 2 ) was 622 and 495 cd/m 2 , respectively. This discrepancy was due to light absorption between transparent bottom ITO/IZO and top Au. Figures 3 and 4 show J-V and L-J characteristics varied with the IZO thickness for ITO/IZO cathode devices. Within these ranges, device characteristic did not change. In thinner IZO thickness, tunneling current will be dominant. Figure 5 show the transmission spectrum of the ITO/IZO (20nm) device. At peak wavelength of Alq 3 emission, transmittance of 65 % was observed. In addition, transmittance of ITO/IZO (20 nm) and Au is 75 and 65%, respectively. A difference of double-faced luminance, as discussed in Fig. 3 , can be explained by difference of transmittance.
Conclusions
We had demonstrated the transparent organic light emitting diodes with IZO cathode layer with annealing and obtained brightness was over 1,000 cd/m 2 . Higher performance TOLEDs will be expected by further optimization of device process and layer structures. 
